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Abstract: During the months of the COVID-19 epidemic, the number of processing and manufac-
turing agricultural products enterprises in Vietnam faced many difficulties in the consumption of
agricultural products, even when they were unable to sell. Therefore, the enterprises are more and
more difficult. Many enterprises are not strong enough to restore production, so it is necessary to
find solutions to overcome this difficult period. In this research, the author used the application of
modern statistical techniques, along with the Grey method, to predict enterprises’ business results in
the future, combined with the model of Super-slacks-based-measure efficiency (Super-SBM) to help
businesses select the right partners in a supply chain to achieve their business goals. By our proposed
approach, the selected solution (AG6 combined with AG10) should be implemented in the future to
upgrade efficiency to help stabilize output and raise productivity; thus, both parties are able not only
to improve their product quality but also achieve business goals and sustainable development. In
fact, it is necessary to further this study, in combination with these factors and other quantitative
models, to give investors a more comprehensive view, helping them to make the right decisions and
appropriately develop their businesses and social and economic development.

Keywords: agriculture; sustainability; applied mathematical; grey forecasting

1. Introduction

Currently, the number of businesses processing and manufacturing agricultural prod-
ucts in Vietnam is large; according to the Ministry of Industry and Trade, the number of
food manufacturing and processing enterprises, food businesses, and fishery account for
14.85% of overall production [1]. Moreover, recently the Vietnamese government adopted
the policy of opening free trade with most countries in the world. Vietnam has attracted
many foreign investors to invest in production and food processing in the southern re-
gion; foreign investors have invested in nearly 30,827 enterprises, accounting for 58.4% of
production [2]. Since 2000, Vietnam’s economy achieved rapid growth, with an average
annual rate of about 6.5% per year. Vietnam’s GDP per capita has increased steadily (as
Figure 1). Average income, as measured by purchasing power, increased from USD 2562 in
2000, to USD 6172 in 2017 [3].

Vietnam is a country with a developing economy, urbanization, a young population,
and a fast population growth rate. These are the main stimuli to the growth of agriculture.
The younger population makes processed food more advantageous to be easily accepted
and is a leading factor in the growing demand for this type of product. Pandemics such
as bird flu and better health education have made people in this country more aware of
health problems. Therefore, modern packaged products and retail channels are expected to
develop in Vietnam. Supermarket sales reached the highest value, accounting for about
70% of market consumption. According to the survey of the organization Business Monitor
International (BMI), in 2015 in Vietnam, there were over 132 emporiums and 724 large
supermarkets, with average sales reaching U.S.$102 billion [4].
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Figure 1. GDP growth rate and GDP per capita (Data from: https://lienvietpostbank.com.vn/ [3]
(accessed on 26 June 2020)).

According to statistics, in the period 2000–2017, the agricultural economy that con-
tributed to the GDP decreased gradually from 24.5% in 2000 to 15.3% in 2017 (as Figure 2).
The impact of agriculture moving to other industries and services gradually decreased the
GDP from 62.5% in 2000 to 40% in 2017 [3].

Axioms 2021, 10, x FOR PEER REVIEW  2  of  18 
 

 

Figure 1. GDP growth rate and GDP per capita (Data from: https://lienvietpostbank.com.vn/ [3] 

(accessed on 26 June 2020)). 

Vietnam is a country with a developing economy, urbanization, a young population, 

and a fast population growth rate. These are the main stimuli to the growth of agricul‐

ture. The younger population makes processed food more advantageous to be easily ac‐

cepted and is a leading factor in the growing demand for this type of product. Pandemics 

such  as  bird  flu  and  better  health  education  have made  people  in  this  country more 

aware of health problems. Therefore, modern packaged products and retail channels are 

expected to develop in Vietnam. Supermarket sales reached the highest value, accounting 

for  about  70%  of market  consumption. According  to  the  survey  of  the  organization 

Business Monitor International (BMI), in 2015 in Vietnam, there were over 132 empori‐

ums and 724 large supermarkets, with average sales reaching U.S.$102 billion [4]. 

According to statistics, in the period 2000–2017, the agricultural economy that con‐

tributed to the GDP decreased gradually from 24.5% in 2000 to 15.3% in 2017 (as Figure 

2). The impact of agriculture moving to other industries and services gradually decreased 

the GDP from 62.5% in 2000 to 40% in 2017 [3]. 

 

Figure 2. Share of agriculture in the GDP and employment (Data from: 

https://lienvietpostbank.com.vn/ [3]). 

Besides changing the labor structure, total investment in agriculture also decreased. 

Specifically, in the period of 2005–2016, the total investment capital decreased from 7.5% 

in 2005 to 6% in 2016 (as Figure 3). 

Figure 2. Share of agriculture in the GDP and employment (Data from: https://lienvietpostbank.
com.vn/ [3], accessed on 26 June 2020).

Besides changing the labor structure, total investment in agriculture also decreased.
Specifically, in the period of 2005–2016, the total investment capital decreased from 7.5% in
2005 to 6% in 2016 (as Figure 3).
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The situation now is much more serious; the COVID-19 epidemic is seriously impact-
ing Vietnam’s economy, especially agricultural products—one of Vietnam’s key export
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sectors. In 2019, the export value of major agricultural products reached 18.5 billion USD,
down 5.3% compared to 2018. Rice exports reached 6.34 million tons and 2.79 billion USD,
up 3.9% in volume but down 9.7% in value compared to 2018. Similarly, pepper increased
by more than 20% in volume but decreased by nearly 6% in value; cashew nuts increased
by 14% in volume but decreased by nearly 10% in value. According to statistics, the impact
of the COVID-19 on enterprises producing and processing agricultural products of Vietnam
is very serious (as Figure 4).
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Meanwhile, the United States, European Union, and Asian countries such as Korea
are the main export markets of food products of Vietnam. With trade agreements, such as
the ASEAN-South Korea was signed in 2007, Vietnam has given every policy condition for
Korean enterprises so that they can invest in Vietnam. Several leading retailers in Korea
also officially penetrate the Vietnamese market, such as the Lotte Group, retail Group
E-mart, etc. [3].

The growth speed of food consumption is higher than that of the whole country.
Specifically, according to the Bureau of Statistics, sales of food recorded a growth of 13.1%
in the first six months of 2016 and 14.8% in 2015, which is higher than the growth in retail
sales of the whole country (respectively, 9.8% and 10.6%) [3]. Regarding the consumer
price index in the first six months of 2016, the prices of food and catering services increased
2.03%, and beverages and tobacco increased 2.37%, which is higher than the consumer
price index of the country (1.72%) (as Table 1). This shows that demand for food is quite
positive, while the overall index tends to go down [3].

Table 1. Data and forecasting growth consumption food.

Nation 2013 (%) 2014 (%) 2015 (%) 2016 (%) 2017 (%) 2018 (%) 2019 (%) 2020 (%)

China 0.3 1.1 1.0 0.4 0.4 0.1 0.3 1.1

Hong Kong 2.1 0.8 2.2 −0.2 −0.5 0.1 0.7 −0.1

India 2.7 6.9 2.5 4.9 4.4 6.9 3.6 3.5

Indonesia 4.4 3.9 4.1 4.4 4.9 4.9 4.7 4.5

Japan 1.6 −1.1 −1.3 0.8 −0.7 0.2 0.3 0.7

Malaysia 6.4 4.9 3.7 2.8 3.0 3.2 2.6 3.1

Philippines 3.2 3.1 3.9 4.4 3.9 3.6 3.5 4.6

Singapore 2.4 3.1 6.2 4.1 4.6 5.0 2.6 3.1

Taiwan 1.5 2.5 1.5 0.5 1.4 1.9 1.6 1.5

Thailand −0.6 −0.9 0.9 0.8 0.6 0.9 1.1 1.0

Vietnam 0.8 2.1 3.8 3.8 4.3 4.3 4.2 3.8

Sources: (Data from: https://lienvietpostbank.com.vn/ [3], accessed on 26 June 2020).

Now, Vietnamese business enterprises processing and manufacturing agricultural
products are doing business and competing in a globalized environment with a lot of

https://lienvietpostbank.com.vn/
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changes, which requires an appropriate development strategy to exploit opportunities
effectively and adequately handle posed challenges in order to ensure high efficiency and
sustainable development. Enterprises should seize opportunities and define areas for
investing, developing, and finding solutions to take effective advantage of the existing
resources of the company. They can develop the sustainable competitiveness in the areas of
their operations and create synergy in the development of the entire sectors and businesses.
It is impossible to act single-handedly in severe trade cooperation; enterprises have to
cooperate and ally with each other to develop together.

Facing the difficult situation of the processing and trading of agricultural products of
businesses in Vietnam caused by COVID-19, the authors combined the data envelopment
analysis (DEA) and Grey theory to help businesses find the right partners in the supply
chain for companies to solve the problems of finding suppliers and finding customers to en-
sure that businesses overcome the current difficulties and achieve sustainable development
in the future (as Figure 5).

1 
 

 
Figure 5. Total food supply chain (Source: Bruno Walter Castro-Karney [5]).

In fact, there are many methods to choose partners in the supply chain or strategic
alliance. In the past, many researchers in the world used the hybrid DEA and GM (1,1)
model to research and implement strategic alliances for many businesses and get good
results. In 2004, Kauser and Shaw used the DEA and GM (1,1) models to conduct an
empirical investigation of strategic alliance agreements between the United Kingdom of
Great Britain and Northern Ireland companies and their European, Japanese, and United
States of America partners [6]. The results of this study shed light on the international
strategic alliance of the United Kingdom of Great Britain and Northern Ireland companies
and identified the goals and motives of the international alliance strategy. In 2008, Chia-Nan
Wang and Ya-Ru Lee combined hybrid DEA and GM (1,1) models to evaluate efficiency
and solve supply chain problems for electronics companies in Taiwan [7]. In 2009, Lin
Chin-Tsai, Hwang Shiuh-Nan, and Chan Chia-Ho used the combined DEA’s CCR model
and Grey model to select partners for companies in the manufacturing industry of Light
Emitting Diode [8]. In 2016, Chia-Nan Wang and Xuan-Tho Nguyen combined DEA and
GM (1,1) models to study and evaluate strategic alliances for automobile manufacturers [9].
In 2017, Chia-Nan Wang and Han-Khanh Nguyen combined DEA and the Grey theory
models to find a solution to enhance urban development quality [10].

Besides that, there exist much research in the area of partner selection in a supply
chain [11–13]: In 2000, Feng Wei-dong, Chen Jian, and Zhao Chunjun studied partner
selection processes and optimization models for virtual corporations based on genetic
algorithms [14]. In 2006, Sheng-Lin Chang, Reay-Chen Wang, and Shih-Yuan Wangahave
applied fuzzy linguistic quantifiers to select supply chain partners at different phases of
the product life cycle [15].
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2. Methodology

In this study, the authors used the Grey system theory to predict the business situation
of agricultural production and processing companies in Vietnam in the period of 2020–2023.
This was combined with the results of the evaluation of production and business efficiency
of these businesses in the period of 2016–2019. From there, the authors propose solutions to
help businesses overcome the difficult period due to the COVID-19 pandemic to promote
sustainable development in the future.

2.1. Grey Forecasting Model

The Grey system theory, founded in 1982 by Julong Deng, is a new approach that
focuses on the study of uncertainty information systems with a small sample size. Grey
system theory refers to uncertain information systems with partly known information
through data collection or availability. Thus, the development of systematic behavior
of businesses and the law can be described and accurately monitored. The applications
of the Grey system theory are applied. Officially in 1982, Systems & Control Letters, an
international Dutch magazine, published its first paper on the Grey system theory, “Control
Issues of Grey Systems,” by Julong Deng [16]. Since then, successful applications in many
areas have aroused the attention of researchers around the world [17–22].

The process of GM (1,1) prediction in this study is shown in Figure 6:
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Assessment of forecast errors:
To evaluate the accuracy of the forecast results, the authors use the mean absolute

percent error (MAPE), which is a tool to measure the exact value in statistics to identify
Grey performance models with good performance. The smaller the MAPE, the closer the
forecast value is to the actual value [25].

MAPE =
1
n

[
n

∑
i=1

∣∣∣∣Ai − Fi
Ai

∣∣∣∣× 100

]
(1)

where:

n is the number of fitted points;
Ai is the actual value;
Fi is the forecast value.
Σ is summation notation (the absolute value is summed for every forecasted point in time).

MAPE divided into four ranks as Table 2 shows.

http://citeseerx.ist.psu.edu/


Axioms 2021, 10, 90 6 of 18

Table 2. The grades of MAPE.

MAPE (%) Assess

≤10 Authenticity

10–20 Good

20–50 Qualified

≥50 Unqualified
Sources: [25].

2.2. Nonradial Super Efficiency Model (Super–SBM)

DEA analysis is a tool used in the analysis of the performance of the enterprises. The
DEA approach applies and develops the integration of linear mathematical models into
economic models [26,27]. This method relies on past business data of the enterprise to
construct the production boundary in the nonparametric plane (production boundary).
People use this production line to calculate and evaluate the performance of a business.
Now, researchers are beginning to study a number of extended DEA analysis models that
address limitations of the DEA as well as its widespread practice in economic analysis
around the world.

In this section, the author use the Super-SBM model. The Super-SBM model is given
by the following equation [28]:

Minρ =
1− 1

m ∑m
i=1 s−i /xi0

1 + 1
s ∑s

i=1 s−i /yi0
(2)

s.t : X0 = Xλ + S−, Y0 = Yλ− S+, (λ ≥ 0, X ≥ 0, Y ≥ 0) (3)

Suppose that (p*, λ*, s−∗, s+∗) is the optimal condition of SBM, and (X0,Y0) is the
SBM-efficient of DMU. When p* = 1, s−∗ = 0 and s+∗ = 0 (or there is no excessive input
and a short falling output). Hence, a super-efficiency model was introduced for ranking
DMUs, and it was defined by the following formula [28]:

Minδ =
1
m ∑m

i=1 xi/xi0
1
s ∑s

r=1 yr/yr0
(4)

s.t x ≥
n

∑
j=1, 6=0

λjxj, y ≤
n

∑
j=1, 6=0

λjxj, x ≥ x0,y ≤ y0, y ≥ 0, λ ≥ 0 (5)

Suppose the denominator is 1 so that the objective function is an orientation input of
the Super-SBM model. The obtained feedback value of the objective function is larger or
equivalent to 1. It is straightforward to realize that the inputs are positive; however, the
outputs are able to become a negative value. The proper solution to solve this problem is
to use the DEA-Solver Pro 4.1 manual, as follows:

Suppose yro ≤ 0. It has defined y+r and y+−r by [28]:

y+r = max
j=1,...,n

{
yrj
∣∣yrj > 0

}
, (6)

y+r = min
j=1,...,n

{
yrj
∣∣yrj > 0

}
. (7)

If there is no positive component in the output r, it becomes y+r = y+−r = 1. The
element s+r /yr0 is used instead of the following, while the yr0 is unchanged [28]:

When y+r > y+−r, the element is:

s+r /
y+−r
(
y+r − y+r

)
y+r − yr0

(8)
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When y+r = y+−r, the element becomes:

s+r /

(
y+−r
)2

B(y+r − yr0)
(9)

Here, B represents a large positive value; in the DEA-Solver, the value of B is about 100.
The denominator is certainly lower than y+−r, and it increases with the decrease of the

distance y+r − yr0 and vice versa. Hence, this model significantly affects the nonpositive
output value. The obtained score is constant, and it is unidimensional to the units of
measurement.

3. Data Description
3.1. DMUs Collection

After researching the Vietnam food and beverage industry, the authors discovered
14 companies from the General Statistics Office’s website [29]. The synopsis is shown
in Table 3.

Table 3. Companies’ names.

DMUs Code Companies

DMU1 AG1 BINH DINH FOOD

DMU2 AG2 YENBAI FOODSTUFF

DMU3 AG3 CAT LOI

DMU4 AG4 CHOLIMEX FOOD

DMU5 AG5
COLUSA-MILIKET

FOODSTUFF

DMU6 AG6 DABACO

DMU7 AG7 SAO TA FOODS

DMU8 AG8 HUUNGHI FOOD

DMU9 AG9 KIDO

DMU10 AG10 MECOFOOD

DMU11 AG11 MASAN

DMU12 AG12 NAFOODS

DMU13 AG13 SAFOCO FOODSTUFF

DMU14 AG14 LAMDONG FOODSTUFFS
Source: (Data from: https://www.gso.gov.vn (accessed on 27 June 2020) [29]).

3.2. Inputs/Outputs Collection

Selecting the analytical elements in the DEA is important because it directly influences
the results of the research and analysis as well as the study conclusions. The factors selected
for the analysis must ensure the comprehensiveness of the phenomena and events in the
study. Factors are only used when and only if they clarify relationships and dependencies
between the research phenomena and hypothetical representations, i.e., the hypotheses
test, to measure the efficiency adequately and apply our research on the Grey forecasting
model and DEA.

Based on literature review, in this paper, the authors choose four inputs and two outputs:

Inputs

(1) Total assets (IP1): The sum of non-current and current assets, and this total should
equal the sum of stockholders’ equity and total liabilities combined.

(2) Equity (IP2): The source of capital contributed by business owners.
(3) Cost of goods sold (IP3): The expenses to create one finished product.

https://www.gso.gov.vn
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(4) Total Operating Expenses (IP4): Total operating expenses of an enterprise are those in-
curred in connection with production and business activities in a fiscal year, including
operating expenses and other expenses.

Outputs

(1) Net sales (OP1): The total value achieved by the sale of goods, products, supplying
employees, and services that customers bring.

(2) Profit after tax corporate income (OP2): Reflects the total real after-tax profit from
a company’s business activities (after deducting income taxes) incurring in the
reporting year.

The inputs and outputs shown above reflect the whole costs and profits of the business;
they are the basis of the calculation, analysis, and accurate assessment in the research. The
authors show the realistic data in Tables 4–7 from 2016 to 2019 (currency unit 1000 USD).

Table 4. Data in 2016 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 7992.5 7135.8 22,044.4 2156.3 24,970.8 911.7

AG2 4534.9 2947.2 11,668.8 1273.0 13,878.9 818.4

AG3 33,637.9 16,288.0 66,925.6 5194.3 78,140.3 4796.0

AG4 24,192.3 10,146.7 47,984.8 10,805.3 61,253.7 2182.0

AG5 8459.6 5329.7 14,628.9 4210.4 19,728.3 846.7

AG6 237,718.8 100,566.2 233,923.2 20,947.1 268,959.5 19,399.2

AG7 59,073.0 20,449.6 122,140.0 6545.5 132,367.6 4418.1

AG8 30,379.0 12,139.3 451,68.1 11,714.0 58,266.6 1360.8

AG9 380,444.0 266,799.0 58,665.1 45,960.2 96,251.2 51,273.7

AG10 7249.0 5072.1 15,878.5 1740.8 18,176.0 551.2

AG11 747,121.0 512,836.7 324,163.0 153,923.4 592,860.1 124,801.2

AG12 26,668.2 18,359.0 14,372.8 2826.5 19,798.5 3101.0

AG13 7142.8 4741.1 33,713.8 2636.4 37,735.4 1283.9

AG14 9886.6 7612.8 17,057.0 930.1 19,049.0 884.0

Table 5. Data in 2017 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 8036.1 6983.1 23,732.6 2253.3 26,483.4 535.5

AG2 5141.0 2830,9 9691,4 956,2 11,710,2 631,2

AG3 33,349.0 19,176.1 67,780.0 5372.8 78,827.9 4567.6

AG4 27,012.3 11,427.3 53,530.1 12,449.1 68,948.7 2444.5

AG5 9523.7 5637.1 17844.3 4809.6 23,795.0 978.8

AG6 300,485.8 107,594.5 218,918.8 23,851.7 251,742.7 8603.1

AG7 70,927.4 24,686.2 138,664.7 7543.5 150,381.9 4830.7

AG8 38,065.2 12,949.0 45,717.7 11,827.6 60,019.7 2121.0

AG9 548,145.6 375,884.5 239,163.5 72,253.8 301,651.3 23,259.9

AG10 6403.9 5033.7 13,870.9 1518.8 15,828.7 426.5

AG11 758,610.0 487,186.7 308,733.7 166,404.7 568,091.1 101,469.3

AG12 37,480.6 20,644.6 15,755.6 3413.5 22,328.6 3262.4

AG13 7151.8 5002.8 35,345.1 3039.4 40,027.8 1414.2

AG14 11,206.6 7883.6 23,139.4 1013.8 25,227.3 901.0
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Table 6. Data in 2018 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 9581.0 6796.8 24,992.9 1533.3 26,942.5 425.3

AG2 5157.2 3307.8 13,717.4 1295.9 16,708.6 1489.3

AG3 43,576.9 27,375.1 75,525.9 5648.2 89,003.9 6386.1

AG4 31,631.8 14,469.5 61,367.0 17,072.3 83,979.9 4299.4

AG5 9753.0 5866.1 19,486.7 5187.7 25,783.6 1109.8

AG6 358,990.3 118,080.9 240,569.6 310,98.8 286,946.9 15,487.5

AG7 64,284.7 29,619.4 146,690.5 9121.9 163,658.9 7760.0

AG8 46,054.6 10,842.9 55,541.2 13,921.6 71,402.8 1778.4

AG9 537,905.9 359,343.9 271,425.5 70,601.7 327,113.5 11,018.4

AG10 7529.2 5058.4 21,162.2 1923.7 23,538.6 430.4

AG11 733,147.5 467,813.5 403,619.7 183,176.4 731,155.7 147,373.6

AG12 45,390.4 21,316.9 19,793.9 4312.1 25,805.3 2311.7

AG13 8517.2 5449.5 37,801.9 3703.8 43,477.9 1731.1

AG14 9361.2 8004.2 20,232.0 507.4 21,647.7 806.9

Table 7. Data in 2019 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 7050.9 6708.0 29,229.6 2417.9 31,790.4 172.1

AG2 5526.9 2687.7 17,310.6 1499.2 20,347.1 1209.1

AG3 44,040.6 29,792.4 69,772.9 5773.6 82,920.7 6042.5

AG4 37,176.2 19,355.7 66,477.5 18,362.0 93,541.9 7162.4

AG5 10,503.6 6045.3 20,283.1 5443.9 26,742.9 1065.4

AG6 412,383.5 130,094.3 258,825.5 36,816.5 308,970.8 13,118.4

AG7 65,385.1 40,359.8 141,225.7 8969.1 159,485.6 9878.7

AG8 61,352.7 15,341.6 57,633.0 15,526.1 74,785.2 1756.1

AG9 512,996.5 350,634.1 239,859.9 75,166.1 309,975.7 11,424.7

AG10 7786.3 5109.3 15,603.4 1821.9 17,915.6 439.6

AG11 880,045.3 533,410.0 452,708.3 175,097.3 794,830.8 176,135.6

AG12 54,666.7 29,320.6 34,776.4 8129.0 44,795.9 2061.8

AG13 9104.7 5914.9 40,010.0 3574.0 45,722.3 1805.2

AG14 10,809.2 8214.5 12,468.4 613.6 14,081.4 754.3
Source: (Adapted from: https://www.gso.gov.vn [29], accessed on 26 June 2020).

4. Empirical Results
4.1. Forecasting Results

The GM (1,1) is utilized in this part; the authors used a factor IP1 of AG4 (as Table 8)
to explain as follows.

https://www.gso.gov.vn
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Table 8. Data of AG4 2016–2019 (Unit: 1000 USD).

Year IP1 IP2 IP3 IP4 OP1 OP2

2016 24,192.34 101,46.73 47,984.84 10,805.33 61,253.66 2181.97

2017 27,012.32 11,427.31 53,530.05 12,449.08 68,948.72 2444.53

2018 31,631.81 14,469.48 61,367.03 17,072.26 83,979.90 4299.41

2019 37,176.16 19,355.74 66,477.50 18,361.96 93,541.88 7162.42
Source: (Adapted from: https://www.gso.gov.vn [29], accessed on 26 June 2020).

First, create the original series:

X(0) = (24,192.34; 27,012.32; 31,631.81; 37,176.16)

Then, perform the accumulated generating operation (AGO):

x(1)(1) = x(0)(1) = 24,192.34
x(1)(2) = x(0)(1) + x(0)(2) = 51,204.66
x(1)(3) = x(1)(2) + x(0)(3) = 82,836.47
x(1)(4) = x(1)(3) + x(0)(4) = 120,012.62

Then, create the different equation of GM (1,1).
To find the Z(1) series, the following mean obtained by the mean equation is:

Z(1)(2) = 0.5× (24, 192.34 + 51, 204.66) = 37, 698.50
Z(1)(3) = 0.5× (51, 204.66 + 82, 836.47) = 67, 020.56
Z(1)(4) = 0.5 × (82, 836 .47 + 120, 012.62= 101, 424.54

Then, solve equations:
The primitive series values are inserted into the equation below to find a, b:

27, 012.32 + a × 37, 698.50 = b
31, 631.81 + a × 67, 020.56 = b

37, 176.16 + a × 101, 424.54 = b

Then, convert to matrices as follows:

Let B =

 −37, 698.50 1
−67, 020.56 1
−101, 424.54 1

; YN =

 27, 012.32
31, 631.81
37, 176.16


Then, use the least-squares method to find a and b:[

a
b

]
= (B T B)−1BTYN =

[
−0.1595

20, 977.3607

]
Then, use a, b to create the whitening equation of the differential equation:

dx(1)(k)
dk +ax(1)(k) = b

⇔ dx(1)
dk − 0.1595x(1) = 20, 977.3607

Then, find the prediction model from the equation:

X̂(1)
(k + 1) =155, 678.66 × e0.1595κ − 20, 977.3607

0.1595

Then, substitute the values of k into the equation:
k = 0; X(1)(1) = 24,192.34 k = 4; X(1)(5) = 163,212.83
k = 1; X(1)(2) = 51,120.30 k = 5; X(1)(6) = 214,187.38
k = 2; X(1)(3) = 82,706.04 k = 6; X(1)(7) = 273,979.07
k = 3; X(1)(4) = 119,755.21 k = 7; X(1)(8) = 344,113.02

Then, derive the predicted value of the original series according to the accumulated
generating operation as follows:

https://www.gso.gov.vn
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x̂(0)(1) = 24, 192.34
x̂(0)(2) = 26, 927.97
x̂(0)(3) = 31, 585.74
x̂(0)(4) = 37, 049.17
x̂(0)(5) = 43, 457.62– Forecasted for 2020.
x̂(0)(6) = 50, 974.55– Forecasted for 2021.
x̂(0)(7) = 59, 791.69– Forecasted for 2022.
x̂(0)(8) = 70, 133.95– Forecasted for 2023.

Using the same above process, the authors have results of forecasted data, as shown
in Tables 9–12.

Table 9. Data in 2020 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 7354.71 6558.01 32,066.31 2262.78 34,263.01 145.48

AG2 5676.68 2809.93 22,857.88 1876.39 26,587.53 1700.71

AG3 51,669.73 37,372.40 72,978.71 6008.51 87,623.13 7191.86

AG4 43,457.62 24,881.29 74,405.98 22,514.85 109,386.22 11,442.66

AG5 10,954.35 6268.43 21,747.84 5809.83 28,503.35 1138.25

AG6 482,919.21 142,849.10 281,896.82 456,29.29 343,921.77 16,969.92

AG7 61,401.44 50,942.76 144,732.49 10,013.87 166,983.17 13,792.56

AG8 76,980.86 15,850.93 65,631.10 17,830.09 84,453.28 1538.55

AG9 498,933.97 33,7310.36 250,818.09 75,675.43 321,136.89 5812.87

AG10 8697.43 5143.31 18,469.67 2063.39 21,034.71 445.46

AG11 92,4426.70 545,498.51 550,431.63 18,3548.54 948,110.77 230,305.52

AG12 65,717.18 34254.28 50,275.32 12,115.28 62,184.50 1519.00

AG13 10,361.22 6429.29 42,608.40 3985.00 49,042.01 2067.60

AG14 10,046.34 8371.08 10,501.73 355.84 11,684.20 683.19

Table 10. Data in 2021 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 6959.50 6426.98 35,713.35 2368.10 37,707.66 93.30

AG2 5890.54 2746.33 30,164.66 2320.49 34,498.90 2119.04

AG3 58,678.72 45,656.39 73,977.67 6226.47 89,725.23 8125.93

AG4 50,974.55 32,485.49 82,740.81 26,913.47 126,803.32 19,175.70

AG5 11,513.49 6490.68 23,162.27 6177.47 30,191.30 1184.77

AG6 564,394.03 157,084.75 306,320.07 56,257.34 380,245.03 19,933.23

AG7 58,861.34 65,726.43 146,021.20 10,854.67 171,778.36 19,145.63

AG8 98,358.55 17,516.04 73,239.48 20,374.91 93,827.02 1392.82

AG9 482,825.60 325,707.67 251,153.08 77,229.22 325,340.36 3736.54

AG10 9550.05 5181.89 19,326.99 2240.43 22,086.48 452.28

AG11 1,001,046.23 572,282.65 659,821.09 188,058.08 1,110,715.55 297,750.29

AG12 79,295.05 41,495.46 77,501.51 19,607.18 91,869.92 1187.91

AG13 11,638.77 6989.80 45,322.45 4294.41 52,375.75 2320.69

AG14 9847.05 8545.58 7994.45 257.41 8973.87 624.35



Axioms 2021, 10, 90 12 of 18

Table 11. Data in 2022 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 6585.52 6298.56 39,775.18 2478.33 41,498.62 59.84

AG2 6112.46 2684.18 39,807.13 2869.70 44,764.38 2640.26

AG3 66,638.47 55,776.62 74,990.30 6452.33 91,877.76 9181.31

AG4 59,791.69 42,413.67 92,009.30 32,171.44 146,993.67 32,134.80

AG5 12,101.17 6720.80 24,668.70 6568.37 31,979.21 1233.19

AG6 659,614.71 172,739.05 332,859.32 69,360.89 420,404.56 23,414.00

AG7 56,426.31 84,800.36 147,321.39 11,766.06 176,711.25 26,576.28

AG8 125,672.85 19,356.06 81,729.88 23,282.94 104,241.18 1260.90

AG9 467,237.30 314,504.08 251,488.51 78,814.92 329,598.85 2401.86

AG10 10,486.26 5220.76 20,224.10 2432.65 23,190.84 459.21

AG11 1,084,016.23 600,381.89 790,949.96 192,678.42 1,301,207.70 384,946.22

AG12 95,678.25 50,267.38 119,471.83 31,731.94 135,726.46 928.99

AG13 13,073.83 7599.19 48,209.37 4627.85 55,936.11 2604.77

AG14 9651.72 8723.73 6085.79 186.20 6892.24 570.58

Table 12. Data in 2023 (Unit: 1000 USD).

AGs IP1 IP2 IP3 IP4 OP1 OP2

AG1 6231.65 6172.71 44,298.99 2593.69 45,670.71 38.38

AG2 6342.74 2623.43 52,531.93 3548.88 58,084.44 3289.69

AG3 75,677.96 68,140.11 76,016.80 6686.39 94,081.93 10,373.77

AG4 70,133.95 55,376.09 102,316.03 38,456.63 170,398.85 53,851.76

AG5 12,718.85 6959.08 26,273.10 6984.01 33,873.00 1283.58

AG6 770,900.37 189,953.38 361,697.91 85,516.53 464,805.54 27,502.58

AG7 54,092.03 109,409.57 148,633.15 12,753.97 181,785.80 36,890.87

AG8 160,572.37 21,389.38 91,204.54 26,606.02 115,811.25 1141.47

AG9 452,152.28 303,685.87 251,824.39 80,433.18 333,913.08 1543.93

AG10 11,514.25 5259.92 21,162.86 2641.37 24,350.43 466.25

AG11 1,173,863.06 629,860.82 948,138.59 197,412.27 1,524,370.01 497,677.40

AG12 115,446.40 60,893.65 184,170.82 51,354.47 200,519.08 726.51

AG13 14,685.85 8261.70 51,280.19 4987.17 59,738.50 2923.62

AG14 9460.26 8905.58 4632.81 134.69 5293.48 521.43

Evaluating the results of the forecast is important. The forecasting accuracy not only
reflects choosing the right method but also directly affects the results of a decision. In this
study, the MAPE was used to evaluate the accuracy of forecasting and is shown in Table 13.

Table 13 indicated that the forecasting value of AGs are good because the MAPE
average of all 14 AGs is 3.64% (less than 10%), which confirms that the GM (1,1) model
is suitable in this case study. Therefore, this means that the results in Tables 9–12 have
good reliability.
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Table 13. MAPE results.

AGs MAPE (%) AGs MAPE (%)

AG1 6.67 AG8 3.17

AG2 5.61 AG9 3.71

AG3 3.70 AG10 5.18

AG4 1.73 AG11 2.89

AG5 0.96 AG12 5.18

AG6 2.76 AG13 1.51

AG7 2.49 AG14 5.38

Average 14 AGs 3.64

4.2. Pearson Correlation

The standard of conventional DEA models cannot be employed with negative data. In
this paper, the Super-SBM is employed to show that an efficiency ranking can be provided
for each efficient unit in comparison with other DMUs. Before analyzing the DEA, it is
important to ensure that the relationship between inputs and outputs is isotropic [30]. In
this study, the authors used Pearson correlation analysis to see if our data were consis-
tent with the DEA assumption. The correlation coefficient is always from (−1) to (+1).
When the correlation coefficient is near (+/−1), the relationship is close to the perfect
linear relationship.

The results in Table 14 show that a highly positive correlation complies with the pre-
requisite condition of the DEA model and can be used for analysis of the DEA calculations.

Table 14. Correlation of inputs and outputs.

IP1 IP2 IP3 IP4 OP1 OP2 IP1 IP2 IP3 IP4 OP1 OP2

2016 2017

IP1 1.00 0.99 0.84 0.97 0.91 0.99 1.00 0.99 0.94 0.95 0.97 0.88

IP2 0.99 1.00 0.78 0.97 0.88 0.99 0.99 1.00 0.89 0.96 0.94 0.89

IP3 0.84 0.78 1.00 0.81 0.97 0.80 0.94 0.89 1.00 0.85 0.97 0.78

IP4 0.97 0.97 0.81 1.00 0.93 0.99 0.95 0.96 0.85 1.00 0.95 0.98

OP1 0.91 0.88 0.97 0.93 1.00 0.90 0.97 0.94 0.97 0.95 1.00 0.91

OP2 0.99 0.99 0.80 0.99 0.90 1.00 0.88 0.89 0.78 0.98 0.91 1.00

2018 2019

IP1 1.00 0.98 0.97 0.93 0.96 0.80 1.00 0.98 0.97 0.96 0.97 0.84

IP2 0.98 1.00 0.93 0.94 0.94 0.81 0.98 1.00 0.93 0.98 0.95 0.85

IP3 0.97 0.93 1.00 0.90 0.97 0.79 0.97 0.93 1.00 0.93 0.98 0.83

IP4 0.93 0.94 0.90 1.00 0.97 0.95 0.96 0.98 0.93 1.00 0.98 0.93

OP1 0.96 0.94 0.97 0.97 1.00 0.91 0.97 0.95 0.98 0.98 1.00 0.92

OP2 0.80 0.81 0.79 0.95 0.91 1.00 0.84 0.85 0.83 0.93 0.92 1.00

4.3. Analysis Alliance
4.3.1. Analysis before Alliance

The results come from the Super SBM-I-V by using the actual data of 2019 to assess
the business situation of all DMUs before alliances. This result will be the basis for us to
select the target DMU (the results are presented in Table 15).
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Table 15. Rank and score before alliances.

Rank Code Score

1 AG14 1.9101

2 AG7 1.8966

3 AG2 1.7952

4 AG6 1.5029

5 AG4 1.4183

6 AG13 1.3195

7 AG5 1.1853

8 AG1 1.0933

9 AG3 1.0424

10 AG11 1.0000

11 AG10 0.8770

12 AG8 0.7690

13 AG9 0.6228

14 AG12 0.5817

4.3.2. Analysis after Alliance

Here, based on score and ranking of all AGs in 2019, the authors set up AG10 (Me-
chanics Construction and Foodstuff Joint–StockCompany, Tan An City, Vietnam) as the
target AG for strategic alliance. In 2019, AG10Score = 0.8770 < 1; AG10Rank = 11 (11/14 AGs).
This demonstrates an inadequate result in their business in this year. Therefore, they
should enhance efficiency via alliance models in the future. To implement our empirical
research, the authors combine AG10 with the rest of the AGs and use the Super-SBM model
(DEA-Solver Pro 8.0) to calculate 27 AGs. Score and ranking of all AGs and virtual alliances
are in shown in Table 16.

Table 16. Performance ranking of virtual.

Code Score Rank Code Score Rank

AG2 1.7952 1 AG6 0.9585 15

AG14 1.7709 2 AG3 + AG10 0.9475 16

AG7 + AG10 1.1869 3 AG10 0.8770 17

AG5 1.1853 4 AG2 + AG10 0.8213 18

AG13 1.1753 5 AG1 + AG10 0.8020 19

AG6 + AG10 1.1190 6 AG8 + AG10 0.7947 20

AG4 + AG10 1.1147 7 AG5 + AG10 0.7835 21

AG4 1.1112 8 AG8 + AG10 0.7690 22

AG1 1.0933 9 AG8 0.6754 23

AG7 1.0604 10 AG14 + AG10 0.6303 24

AG3 1.0363 11 AG9 + AG10 0.6067 25

AG13 + AG10 1.0329 12 AG12 + AG10 0.6063 26

AG11 1.0133 13 AG12 0.5817 27

AG11 + AG10 1.0000 14

In this research, AG10 is set up as the target company, which was ranked as 11th in
comparison with the other 14 AGs in 2019. AG10, founded in 2005, is now a supplier of
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input fuels to leading food production companies in the country with a high market share
and growth. AG10 is headquartered in the center of the southeastern provinces of rice so it
has the advantage of purchasing high-quality, cheap rice in the region. In addition, AG10 is
also an enterprise specializing in manufacturing, processing, importing, and exporting, as
well as domestic consumption of food products, agricultural products, packaging of all
kinds, food processing machinery, trading in goods, and transportation services.

Based on the results in Table 16, the combination of AG10 and other agro-processing
enterprises is divided into two main groups as follows:

Group 1: This group is an alliance between AG10 and businesses processing and
producing agricultural products that bring good effects to the parties when joining the
alliance. The enterprises in this group show that the alliance in this period creates the
strength for businesses, and ensures the supply of raw materials, ensures the consumption
of output products for businesses, and creates close cohesion of all parties in the supply
chain of the manufacturing and processing of agricultural products. This group includes
the following combinations: AG7+AG10, AG6+AG10, AG4+AG10, AG13+AG10, AG11+AG10
(as shown in Table 17).

Table 17. The good alliances cooperative.

Virtual Combine Target AG10
Ranking (1)

Virtual Combine
Ranking (2) Difference (1)–(2)

AG7 + AG10 17 3 14

AG6 + AG10 17 6 11

AG4 + AG10 17 7 10

AG13 + AG10 17 12 5

AG11 + AG10 17 14 3

AG3 + AG10 17 16 1

Group 2: In this group, there are seven AGs combined with AG10; no progress
happens after this alliance. Thus, these combinations will not be a priority when selecting
strategic alliance partners in the future. This group includes AG2 + AG10, AG1 + AG10,
AG8 + AG10, AG5 + AG10, AG14 + AG10, AG9 + AG10, and AG12 + AG10, which are shown
in Table 18.

Table 18. The inappropriate alliances.

Virtual Combine Target AG10
Ranking (1)

Virtual Combine
Ranking (2) Difference (1)–(2)

AG2 + AG10 17 18 −1

AG1 + AG10 17 19 −2

AG8 + AG10 17 20 −3

AG5 + AG10 17 21 −4

AG14 + AG10 17 23 −6

AG9 + AG10 17 24 −7

AG12 + AG10 17 26 −9

4.4. Partner Alliance Selection

The results from Tables 16 and 17 show AG7 + AG10, AG6 + AG10, AG4 + AG10,
AG13 + AG10, and AG11 + AG10 to be a good result. However, not all of these com-
panies are willing to cooperate and have an alliance with AG10, as it depends on
many other factors, such as the product and business sector of the companies that
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are not really suitable with AG10. In particular, AG6 (Dabaco Group, Bac Ninh, Viet-
nam), RankAG6 = 4, ScoreAG6 = 1.5029 is shown to be an alliance with AG10 and give a
good effect.

The AG6 (Dabaco Group) is a multidisciplinary corporation, in which the main sectors
are animal-feed production, livestock breeding, poultry, and food processing. The Dabaco
Group is one of the ten biggest feed mills in Vietnam. Currently, the Dabaco Group has six
feed mills with a total capacity of 85 tons per hour, one of which specializes in producing
fish feed.

Thus, in the supply chain (Figure 7): AG10 is now a supplier of input fuels to leading
food production companies in the country with a high market share and growth. When it
has an alliance strategy with AG6, it becomes the supplier of input fuels for AG6, reducing
the intermediate costs and lowering production costs. In fact, the last time the seafood
export market was facing many difficulties such as constantly fluctuating raw material
prices and very limited output, the link between AG6 and AG10 in the supply chain became
the optimal solution. One side offers a stable supplier, good quality, and low cost. The other
side offers a huge consumer base. Therefore, applying an alliance strategy will increase
sales and profits as better growth opportunities. Once stable livestock inputs help stabilize
output and raise productivity, both parties will be able not only to improve their product
quality but also to achieve business goals and sustainable development.

Axioms 2021, 10, x FOR PEER REVIEW  16  of  18 
 

+ AG10, AG5 + AG10, AG14 + AG10, AG9 + AG10, and AG12 + AG10, which are shown in Table 

18. 

Table 18. The inappropriate alliances. 

Virtual Com‐

bine 
Target AG10 Ranking (1) 

Virtual Combine Ranking 

(2) 

Difference 

(1)–(2) 

AG2 + AG10  17  18  ‐1 

AG1 + AG10  17  19  ‐2 

AG8 + AG10  17  20  ‐3 

AG5 + AG10  17  21  ‐4 

AG14 + AG10  17  23  ‐6 

AG9 + AG10  17  24  ‐7 

AG12 + AG10  17  26  ‐9 

4.4. Partner Alliance Selection 

The results from Tables 16 and 17 show AG7 + AG10, AG6 + AG10, AG4 + AG10, AG13 + 

AG10, and AG11 + AG10 to be a good result. However, not all of these companies are will‐

ing  to cooperate and have an alliance with AG10, as  it depends on many other  factors, 

such as the product and business sector of the companies that are not really suitable with 

AG10.  In particular, AG6  (Dabaco Group, Bac Ninh, Vietnam), RankAG6 = 4, ScoreAG6 = 

1.5029 is shown to be an alliance with AG10 and give a good effect. 

The AG6 (Dabaco Group) is a multidisciplinary corporation, in which the main sec‐

tors are animal‐feed production,  livestock breeding, poultry, and  food processing. The 

Dabaco Group  is one of  the  ten biggest  feed mills  in Vietnam. Currently,  the Dabaco 

Group has six feed mills with a total capacity of 85 tons per hour, one of which specializes 

in producing fish feed. 

Thus, in the supply chain (Figure 7): AG10 is now a supplier of input fuels to leading 

food production companies in the country with a high market share and growth. When it 

has an alliance strategy with AG6, it becomes the supplier of input fuels for AG6, reducing 

the  intermediate costs and  lowering production costs.  In fact, the  last time  the seafood 

export market was facing many difficulties such as constantly fluctuating raw material 

prices and very limited output, the link between AG6 and AG10 in the supply chain be‐

came the optimal solution. One side offers a stable supplier, good quality, and low cost. 

The other side offers a huge consumer base. Therefore, applying an alliance strategy will 

increase  sales  and profits as better growth opportunities. Once  stable  livestock  inputs 

help stabilize output and raise productivity, both parties will be able not only to improve 

their product quality but also to achieve business goals and sustainable development. 

 

Figure 7. The basic supply chain (Adapted from: https://www.mdpi.com/2071‐1050/11/20/5751, 

accessed on 26 June 2020 [31]). 

Thus, AG6+AG10 should  incorporate  in  the  future  to upgrade  their efficiency busi‐

ness. Thus, this alliance cooperative will be first priority when choosing an alliance co‐

operative. This association has supported enterprises to cooperate to make new products 

with reasonable costs and help businesses engage in coalitions to overcome business dif‐

ficulties more easily,  thus promoting  their sale of goods.  In actual production,  the  im‐

plementation of the alliance between AG6 and AG10 will help ensure that the production 

situation  is uninterrupted. AG10 will  be  a  full  supplier  of  key  raw materials  for AG6, 

Figure 7. The basic supply chain (Adapted from: https://www.mdpi.com/2071-1050/11/20/5751 [31], accessed on 26 June 2020).

Thus, AG6+AG10 should incorporate in the future to upgrade their efficiency business.
Thus, this alliance cooperative will be first priority when choosing an alliance cooperative.
This association has supported enterprises to cooperate to make new products with rea-
sonable costs and help businesses engage in coalitions to overcome business difficulties
more easily, thus promoting their sale of goods. In actual production, the implementation
of the alliance between AG6 and AG10 will help ensure that the production situation is
uninterrupted. AG10 will be a full supplier of key raw materials for AG6, helping AG6
stabilize the production situation and improve business efficiency for the business. On
the other hand, AG10 will then ensure the output for businesses thereby strengthening its
position in the market. Therefore, this alliance facilitates businesses to achieve the strategic
goals of each business.

In a new era of globalization, the alliance is a smart strategy; when competitiveness is
getting fiercer, it helps companies reduce risk and penetrate into the market more easily.
However, to make the strategic alliance successful is a major challenge. For enterprises
desiring to increase operational benefits, strategic alliance is not the only option. Imple-
menting a strategic alliance can lead to lower competitiveness or turn large enterprises
into bigger businesses or even smaller ones. For businesses owning fixed assets, capital
and operating costs are not guaranteed to possess more efficiency. Businesses want to gain
competitiveness; thus, it is not necessary to make an alliance with the best companies in
the industry. Small businesses want to form strategic alliances with large enterprises; they
must have the unique ability to be recognized by others.

5. Conclusions

This research provides solutions for determining partner selection in a supply chain.
Hybrid DEA and GM (1,1) models were used to help businesses determine the partner
selection in a supply chain for their company. The chosen solution was suitable and good
for strategic enterprises to make the best of their business goals and possibly exploit the
opportunities of the environment, address challenges, and take advantage of the capacity

https://www.mdpi.com/2071-1050/11/20/5751


Axioms 2021, 10, 90 17 of 18

of the agriculture industry in Vietnam. Managers can rely on the study results to determine
overall strategic decisions for their businesses; industry and trade ministries can also
utilize the research results to develop appropriate strategies to make the food beverage
industry develop perfectly in modernization and sustainability, thus producing large-scale
commodities on the basis of promoting the comparative advantages; apply science and
technology to increase productivity, quality, efficiency, and competitiveness; firmly ensure
national food security both immediately and in the long term; meet diverse needs of
domestic and export goods; improve the efficiency of using land, water, labor, and capital;
and raise incomes and living standards for workers.

The results of this study show that the combination of a Hybrid DEA and GM (1,1)
model can help businesses producing and processing agricultural products in Vietnam
choose the right partner to overcome the period affected by COVID-19 and ensure future
sustainable development.

Regarding limitations of this study, in fact, there are many other factors of the supply
chain that affect alliances, namely: weather factors, seasonal factors, government policies.
Another limitation is that study only focuses on quantitative models.

In fact, it is necessary to further this study, in combination with these factors and
other quantitative models, to give investors a more comprehensive view, helping them
to make the right decisions and appropriately develop their businesses and social and
economic development.
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18. Rezić, I.; Kiš, A. Design of Experiment Approach to Optimize Hydrophobic Fabric Treatments. Polymers 2020, 12, 2131. [CrossRef]

[PubMed]
19. Hao, W.; Liu, F. Axle Temperature Monitoring and Neural Network Prediction Analysis for High-Speed Train under Operation.

Symmetry 2020, 12, 1662. [CrossRef]
20. Manickam, S.; Barros, A. Parsing Synthetic Aperture Radar Measurements of Snow in Complex Terrain: Scaling Behaviour and

Sensitivity to Snow Wetness and Landcover. Remote Sens. 2020, 12, 483. [CrossRef]
21. Kim, S.-K.; Yeun, C.Y. A Versatile Queuing System for Sharing Economy Platform Operations. Mathematics 2019, 7, 1005.

[CrossRef]
22. Li, P.; Liu, J.; Wei, C. A Dynamic Decision Making Method Based on GM(1,1) Model with Pythagorean Fuzzy Numbers for

Selecting Waste Disposal Enterprises. Sustainability 2019, 11, 5557. [CrossRef]
23. Julong, D. Five step modelling of Grey Systems. In Grejf System; China Ocean Press: Beijing, China, 1998; pp. 91–102.
24. Julong, D. Introduction to grey system theory. J. Grey Syst. 1989, 1, 1–24.
25. Nguyen, H.-K. Combining DEA and ARIMA Models for Partner Selection in the Supply Chain of Vietnam’s Construction

Industry. Mathematics 2020, 8, 866. [CrossRef]
26. Kaoru, T. A Slacks based measure of efficiency in data envelopment analysis. Eur. J. Oper. Res. 2001, 130, 498–509.
27. Kaoru, T. Variations on the theme of slacks-based measure of efficiency in DEA. Eur. J. Oper. Res. 2010, 200, 901–907.
28. Farrell, M.J. The Measurement of Productive Efficiency. J. R. Stat. Soc. Ser. A 1957, 120, 253–290. [CrossRef]
29. Statistics 2020. General Statistics Office of Vietnam. Available online: https://www.gso.gov.vn (accessed on 27 June 2020).
30. Le, T.-M.; Wang, C.-N.; Nguyen, H.-K. Using the optimization algorithm to evaluate and predict the business performance of

logistics companies–a case study in Vietnam. Appl. Econ. 2020, 52, 4196–4212. [CrossRef]
31. Vanichchinchai, A. The Effect of Lean Manufacturing on a Supply Chain Relationship and Performance. Sustainability 2019, 11,

5751. [CrossRef]

http://doi.org/10.1016/S0167-6911(82)80025-X
http://doi.org/10.3390/ijerph17113790
http://www.ncbi.nlm.nih.gov/pubmed/32471060
http://doi.org/10.3390/polym12092131
http://www.ncbi.nlm.nih.gov/pubmed/32961944
http://doi.org/10.3390/sym12101662
http://doi.org/10.3390/rs12030483
http://doi.org/10.3390/math7111005
http://doi.org/10.3390/su11205557
http://doi.org/10.3390/math8060866
http://doi.org/10.2307/2343100
https://www.gso.gov.vn
http://doi.org/10.1080/00036846.2020.1733474
http://doi.org/10.3390/su11205751

	Introduction 
	Methodology 
	Grey Forecasting Model 
	Nonradial Super Efficiency Model (Super–SBM) 

	Data Description 
	DMUs Collection 
	Inputs/Outputs Collection 

	Empirical Results 
	Forecasting Results 
	Pearson Correlation 
	Analysis Alliance 
	Analysis before Alliance 
	Analysis after Alliance 

	Partner Alliance Selection 

	Conclusions 
	References

